The objective of this study was to describe and compare circadian pattern of feed intake and feeding behaviour in healthy and diseased dairy cows. Test animals (n=138) were separated into two groups according to their health status. Health and management data were used to exclude cows with clinical or subclinical diseases. Fifteen cows of the test herd complied with the defined criteria and formed the reference group »healthy«. The behaviour of the remaining 123 cows was compared with the reference group. Both groups were used to analyse the feed intake and feeding behaviour on a daily base and in the course of 24 h. During a defined time range from day 28 post-partum to day 56 post-partum behavioural differences within these groups were analysed. There were no significant differences in daily feed intake (40.7 vs. 41.9 kg fresh matter per day, P=0.42). However, feeding behaviour pattern differed between the two groups (daily feeder visits, daily feeding time, number of daily feeder visit, number of daily meals, meal duration, feeding time within a meal, feeder visits per meal). For example, average feeder visit was shorter in the group with subclinical/ clinical health disorders than in the reference group (7.2 vs. 8.1 min, P=0.024). Differences in circadian feeding behaviour could be detected by analysing the feed intake and feeding time over the course of the day. Linear regression analyses showed strong correlations between feeding time and feed intake on hourly base (R²=0.8) and on daily base (R²=0.7).
Introduction
Health problems in high yielding dairy cows are a very present problem in dairy farming. Health disorders are always attended by restrictions of animal welfare, which has become an important decision criterion for consumers. But diseases in dairy cows do not only affect animal welfare, they also lead to production and quality losses and demand cost-intensive veterinary treatments (Gonzales et al. 2008) .
Transit period and early lactation
Especially during the transit period and in early lactation (approx. week 3 ante-partum till week 8 post-partum), cows are at highest risk for metabolic and infectious disease (Ingvartsen et al. 2003) . The cows have to cope with a series of nutritional, physiological, and social changes, which make them more vulnerable to infectious and metabolic disorders (Goff & Horst 1997 ). One of the major challenges is to obtain sufficient energy intake to support the onset of lactation, especially impeded by the fact, that feed intake tends to be suppressed around the time of calving (Drackley 1999) . Engelhard & Zarwel (2005) studied the development of milk production and feed intake from 1996 to 2003. They reported that the milk yield during the first month of lactation increased from 37.4 kg per day to 42.2 kg per day within these seven years. This 13 % increase in milk yield stood in contrast to a mere 6 % increase in feed intake from 1996 to 2003. DM intake of cows gradually decreases during the final weeks of gestation (Bertics et al. 1992 , Curtis et al. 1985 . However, the following early lactation generates an enormous increase in nutrient demands, especially in high-yielding dairy cows. DM intake (and consequently feeding behaviour) increases continuously post-partum and reaches its maximum approx. eight weeks post-partum (Ingvartsen & Andersen 2000) . This lag between energy output from milk yield and energy input from feed intake leads to a negative energy balance. As a response to negative energy balance with low concentration of glucose and insulin in serum, cows will mobilize adipose tissue which leads to increasing serum concentrations of non-esterified fatty acids and β-hydroxy butyrate. Negative energy balance and attended changes in metabolism are strongly associated with peripaturient disorders (Jorritsma et al. 2003 , Bobe et al. 2004 . So, inadequate nutrition is likely to contribute to a depression of the immune system and a negative energy balance is an established risk factor for health disorders.
Thereby, health disorders in transition period and early lactation are the cause of important economic loss for producers and represent a serious welfare issue affecting dairy cows (von Keyserlingk et al. 2009 ).
Behaviour studies
Concerning these factors, an early detection of health disorders is eligible to reduce production costs and to preserve animal health. There are various approaches to develop early alert systems, e.g. interpretation of milk contents or measuring cows' activity (Edwards & Tozer 2004 , Frost et al. 1997 . Recently, various studies accumulated evidences that illness in dairy cows can be identified and predicted by changes in behavioural patterns, in particular in feeding behaviour (e.g., Azizi 2008 , Huzzey et al. 2007 , Krause & Oetzel 2006 , Owens et al. 1998 . Therefore, feed intake and feeding behaviour has become an interesting field of research. On the one hand ethological fundamental research such as the analyses of feeding behaviour meets numerous interests: to evaluate behavioural response to stress, to determine adaptive range within genetic groups to changing environments, and to determine regulating behaviour (Arave & Albright 1981) . On the other hand, several studies showed that feed intake and feeding behaviour are influenced by the presence of disease. Therefore, analyses of feed intake and feeding behaviour seem to offer good prospects for the early identification of health problems in dairy cows.
Pattern of feed intake and feeding behaviour
To describe feed intake in dairy cows the generally used time unit is the 24 h day (Stamer et al. 1997 ). The typical characteristics of feeding behaviour are the number of visits at the feeder per day, visit duration, and daily feeding time. Concerning the quantitative feed intake, the characteristics feed intake per day, feed intake per visit and feeding rate are used. However, it is reasonable to focus not only on the visits as the decisive characteristic. Tolkamp et al. (1998) and Tolkamp & Kyriazakis (1999) developed a method to describe feeding behaviour with satiety mechanism and to cluster feeding events into meals. The idea of satiety is that the probability that a cow will initiate a meal dependents on the time past since the last meal (Metz 1975) . As the duration of non-feeding increases, hunger motivation will increase the likelihood of starting a new meal (Tolkamp et al. 2000) . The meal criterion has been defined as the longest non-feeding interval that is still regarded as an interval within a meal (Tolkamp et al. 1998 , Yeates et al. 2001 . In consideration of the meal concept, following feeding characteristics have to be added to the previously mentioned ones: number of meals, meal duration, and feed intake per meal.
Influences on feed intake and feeding behaviour
Focusing on feeding behaviour, there have been various studies to detect the main influence factors in modern dairy cow housing systems. Huzzey et al. (2007) detected a decrease in feeding time in cows developing clinical metritis. A further study focussing on ketotic cows in early lactation, showed changes in feed intake and feeding behaviour which occurred at an average of 3.6 days before diagnosis (Gonzales et al. 2008) . In this study, sick cows reduced the daily feed intake (−10.4 kg DM), daily feeding time (−45.5 min), and feeding rate (−25.3 g DM min -1 ). Feeding behaviour is also influenced by lameness. Cows with claw horn lesions consumed feed at a faster rate (86±3 vs. 77±3 g min -1
) compared to cows without lesions (Proudfoot et al. 2010) . But not only clinical diseases cause changes in feeding behaviour, also subclinical disorders have an impact on cows' behaviour: Azizi (2008) collected data on feeding behaviour characteristics, feed intake, and milk production of 47 German Holstein Frisian cows from day 7 to day 105 of lactation. Eight cows with pathological findings in blood counts (raised concentration of non-esterified fatty acids, β-hydroxy butyrate, and aspartate amino transferase), but without any clinical problems were compared with cows without clinical or subclinical disorders. Cows with subclinical metabolic disorders had lower meal duration, daily mealtime, meal size, and daily DM intake than cows without subclinical metabolic disorders during the second and third week of lactation. Beside health disorders, management factors such as feeding system design, feed delivery, and resource competition as well as individual factors (social hierarchy and parity) have a strong influence on feeding behaviour pattern (Grant & Albright 2000 , DeVries et al. 2003b , Azizi et al. 2009 ).
Circadian behaviour
To anticipate daily changes in environment (e.g. light, nutrient availability or the presence of predators) most organisms possess a circadian timing. As a central circadian pacemaker the suprachiasmatic nuclei in the hypothalamus has been identified (Ralph et al. 1990 ). The circadian rhythm of feed intake in modern housing systems is strongly affected by feed delivery and milking times. Studies on feeding behaviour focus mainly on summarizing feeding characteristics in a 24 h period. There have been only few studies focusing on how lactating cows pattern their feed intake during the course of day (Wagner-Storch & Palmer 2003 , DeVries et al. 2003b . DeVries et al. (2003b) described the diurnal variations in feed alley attendance patterns of lactating dairy cows.
In consideration of the varying influences, fundamental research on »normal« feeding behaviour of dairy cows is essential, in particular in the absence of internal stressors such as disease or heat. For this reason, the objectives of this research were to: 1) describe patterns of feed intake and feeding behaviour of healthy lactating cows during the course of day without being influenced by health disorders and 2) compare feeding behaviour of healthy cows and those who suffer from clinical disease or show pathological blood/urine counts, and 3) analyse the correlations between feeding time and feed intake.
Material and methods
The experiment was carried out at the Centre of Animal Husbandry and Technology of the Regional Office for Agriculture and Horticulture in Iden, Saxony-Anhalt, Germany, between December 2007 and March 2009. The primary aim of the experiment was to analyse the effect of two total mixed rations with differing amounts of concentrate. Thus no differences in fresh matter intake was found, both groups were analysed in our study.
Animals, housing and feeding
Feeding behaviour and feed intake data of 138 primiparous and multiparous (parity 3.1±1.4
[mean±SD]) lactating cows were collected using an electronic feeding system. 15 German Holstein cows out of these 138 were chosen for analysis by reasons of health status. For a detailed description see chapter Statistics. All cows were kept in a cubicle barn with a cow feeder ratio of 2:1. There was continuous access to the feeders except from 7.00 to 8.00, when food residues were removed from the troughs and fresh feed was supplied. Feeders were also closed from 22.30 to 24.00 to transfer data. Cows were fed ad libitum twice a day (8.00 and 13.00) with a total mixed ration with an average of 7.00 MJ NEL kg DM Cows were milked three times a day (4.00, 12.00, and 20.00) with an average daily milk yield of 40.5±8.3 kg, 4.04±0.66 % fat, and 3.26±0.27 % protein.
Measurements and preparation of data
Feeder units included individual electronic identification systems and load sensing equipment to measure each cow's feeder visit start time and end time as well as the feed intake. A feeder visit was defined as times spend by an individual cow with her head in one of the troughs. Intervals between visits were calculated for each cow from the end time of a visit and the start time of the next. The automatic feeders measured intervals between visits to the feeder with the precision of 1 s. To determine if a visit was part of the previous meal, part of the next meal or formed a meal itself, visits were clustered into meals based on a pooled meal criterion for all cows over the whole course of the study. The meal criterion was calculated based on methods established by Tolkamp et al. (1998) and DeVries et al. (2003a) . Feed intake was calculated as the difference between troughs weight at the beginning and the end of a visit.
Health data and blood sampling
Veterinary treatments and separation of cows due to lameness or other health problems were documented by farm staff. Individual blood samples were selected four times in early lactation focussing on parameters showing metabolism disorders: day 1-5 post-partum, day 14 postpartum, day 28 post-partum, and day 56 post-partum. Individual urine samples were collected three times in early lactation: day 14 post-partum, day 28 post-partum and day 56 post-partum. Analysed serum and urine parameters are given in Table 1 . According to blood/urine count, each cow was individually classified at each sampling day by veterinarians into three categories: (1) without pathological findings, (2) indifferent, and (3) with pathological findings. Classification was carried out according to the reference ranges determined by Fürll (2005) . Table 1 Analysed serum and urine parameters (resp.) and sampling days (Fürll 2005 
Selection of reference group and time range
The aim of this study was to analyse the circadian feed intake and feeding behaviour in healthy dairy cows. Thus, different criteria were used to exclude diseased cows from the reference group: no veterinary treatments from calving to day 70 post-partum, no separation from the herd by farm staff due to health problems from calving to day 70 post-partum, blood status after calving without pathological findings or indifferent, blood status (respectively urine status) day 14 post-partum without pathological findings or indifferent, blood status (respectively urine status) day 28 post-partum and day 56 post-partum without pathological findings. In doing so, we warrant a selection of animals with a maximum likelihood of a good health status (clinical and subclinical). Fifthteen German Holstein cows (parity 3.0±1.0) complied with these requirements (»healthy«) and were used to analyse the feed intake and feeding behaviour in the course of the day. Out of the residual 123 cows, 32 individuals had to be treated due to clinical diseases, 91 animals showed pathological data in blood or urine counts. We chose the time range for our analyses in middle early lactation, between blood sampling at day 28 post-partum and day 56 post-partum and averaged feeding behaviour and feed intake characteristics for each cow.
Statistics
SAS v. 9.2 (SAS Institute Inc., Cary, NC, USA) was used to edit and analyse data. Descriptive data analysis was conducted with PROC MEANS and PROC UNIVARIATE. To analyse the relationship between feeding behaviour and feed intake we calculated linear regressions (PROC CORR). ANOVA F option for repeated measures in non-parametric data was used to compare the groups.
Results

Group comparisons of feeding behaviour and feed intake
Feeding behaviour parameters and daily feed intake of lactating dairy cows from day 28 postpartum to day 56 post-partum were calculated. Results are given in Table 2 . No significant differences were calculated for quantitative feed intake. The animals classified as healthy had less daily feeding time, less number of feeder visits, and less meals per day. In contrast, feeder visits were longer within the reference group, likewise meal duration and feeding time within meals. However, number of feeder visits within a meal was higher in animals with clinical disorders or pathological findings.
Feeding behaviour and feed intake during the course of day
In Figure 1 , feeder visit duration (A) and feed intake (B) over the course of the day in reference group and group with clinical disorders or pathological findings in blood/urine counts are presented. Both groups show similar pattern of feed intake and feeding behaviour, with highest preferences for late afternoon and evening hours. Longest feeder visits were monitored 8.00 and 12.00 (after feed delivery and milking) and from 17.00 to 20.00. High quantitatively feeding activity was registered after feed delivery and before and after evening milking. As shown in figure 1 , the circadian feeding behaviour over the course of the day shows interesting aspects and differing tendencys between groups. To make circadian behaviour of the groups more comparable with each other, outstanding marks over the course of the day were calculated: The hour of the day, where animals of one group or the other reach 25 % (50 %, 75 %, 100 % resp.) of daily feed intake or daily feeding time. By comparing these marks, significant differences occured: healthy animals tend to reach the defined marks later at the day than cows with clinical disorders or subclinical problems do. This applys to daily feed intake as well as to daily feeding time. Latest feeding activity (100 % mark) was without differences, furthermore this mark is identical for feed intake and feeding time as a matter of course.
To analyse whether qualitative feeding behaviour parameters are an appropriate indicator for quantitative feed intake, regression analyses were conducted. The analysis between feeding behaviour and feed intake of all cows showed a significant positiv correlation (P<0.0001). The coefficient of determination between duration of feeder visit per hour and feed intake per hour was R²=0.8 with the regression equation.
(1)
Discussion
Knowledge on behaviour pattern of healthy dairy cows is essential to evaluate behavioural response to stress or to accumulate the repertoire of normal animal behaviour as a base for studies on regulation processes (Arave & Albright 1981) . Most results of feeding behaviour characteristic and feed intake parameters obtained in the current study were close to results which had been reported by other researchers (Azizi et al. 2009 , DeVries et al. 2003a . Differences in feeding behaviour between the reference group and the animals with clinical disorders/pathological findings in blood/urine counts were significant. The healthy group had less daily feeder visits, less number of meals per day, longer feeder visit duration and longer meal durations. Combining these differences one can assume that there was more agitation and less consistency among the animals with health problems. Those cows might avoid social stress and tend to be easily pushed away from troughs. But whereas healthy cows in the current study showed a meal frequency of 6.2±1.6 meals per day, cows with clinical disorders or pathological findings in blood/urine realised 6.9±2.0 meals per day. Higher meal frequencies were also reported by DeVries et al. (2003a) with 7.3±1.5 meals per day and by Azizi et al. (2009) with a range of 7.2 to 8.7 meals per day depending on parity and milk yield. Similar pattern within the two groups are visualised over the course of the day (Figure 1 ). Preferred feeding periods occurred after milking times. The reference group seems to dominate those preferred hours whereas animals with clinical disorders or pathological findings in blood/urine counts tend to benefit from early morning hours. Significant influences of health disorders on cows' behaviour are proven (Gonzales et al. 2008) . This fact confirms the approach of selecting healthy animals to define the »normal« behaviour as the base for consecutive studies.
High feeding activity was registered for h 1, h 9, h 19, and h 22. Those high points could be found in feeding behaviour pattern as well as in quantitative feed intake and meal pattern. Apparently highest feeding activity followed closely after scheduled milking times (4.00, 12.00, and 20.00) and before/after closed troughs due to management processes. Despite the wide cow feeder ratio of 2:1, healthy dairy cows seem to strongly favour the feed intake after milking. It is also interesting how strongly cows react on regular processes (milking, trough closing). The strong influence of milking schedule on feeding behaviour pattern was also found by Tolkamp et al. (2000) . Similar results were presented by DeVries et al. (2003b) with the greatest percentage of cows attending the feed alley after the delivery of fresh feed and the return from milking.
Significant differences between the studied groups were shown in analysing relative marks in daily feeding behaviour (Table 2 ). This might also show that cows with clinical disorders or pathological findings in blood/urine counts tend to realise their main feed intake in less favored feeding times to avoid confrontations at the troughs.
To analyse whether feeding duration spent in specific time periods can be an indicator for daily feed intake we had to assure that feeding behaviour is strongly associateted with feed intake. The conducted regression analyses verified these estimations with high significant (P<0.001) results (R²=0.8). These results show stronger correlations then published in previous studies (Azizi et al. 2010 , Kaufmann et al. 2007 . Differences can be caused by the use of DM intake in the cited studies while we used fresh matter intake as dependend variable. Varying amount of DM could have strong effects on the results of the cited analyses. But considering to put the application of feeding behaviour analyses into practice, the use of fresh matter as indicated value seems reasonable.
Our analysis shows that healthy cows' feed intake and feeding behaviour over the course of day is geared to milking times, management processes, and individual preferences. Time spent at the feeder is strongly correlated with quantitative feed intake (hour and daily base). Furthermore significant differences in feeding behaviour of healthy cows and those with health disorders could be observed. Cows coping with internal stressors show more activity in feeding. It is expected that renunciations of individual behaviour pattern are attended by changes in feed intake. Therefore, consecutive studies will analyse the relationships between individual behaviour patterns over the course of day and the presence of stressors e.g. subclinical diseases on an individual base.
